IT is well known that both cancer of the stomach and ulcer of the stomach are remarkably prevalent in Japan in comparison with other countries. There is well substantiated evidence concerning the high mortality rates from cancer of the stomach (Segi et al., 1965; Segi and Kurihara, 1966; Steiner, 1949) . The study of age adjusted mortality rates from cancer of the stomach in 24 countries shows that in Japanese males had the highest rate, per 100,000 male population, and Japanese females had the second highest rate, 35.99 per 100,000 female population (Segi and Kurihara, 1966) . These rates are approximately seven times as high as those of the white population of the United States for both males and females, who have the lowest rates in the 24 countries.
The mortality rate from ulcer of the stomach in Japan is also extraordinarily high in comparison with other countries. The age adjusted mortality rates per 100,000 population are 27 17 for Japanese males and 9.72 for Japanese females in (Segi et al., 1959) . These rates are over three times as high as those of the second highest countries, namely 8 15 for males in Chile and 2*46 for females in Scotland. For ulcer of the duodenum, the national ranking of Japan is very different from ulcer of the stomach. The age adjusted mortality rates from ulcer of the duodenum per 100,000 population in 1954-55 are 2-24 for Japanese males and 0-84 for Japanese females, being ranked as 17th for males and 9th for females among the selected 23 countries (Segi et al., 1959) .
The question as to whether any aetiological relationship exists between the two diseases in Japan deserves investigation. The causative relationship of ulcer of the stomach to cancer of the stomach has been a subject of controversy in the world for almost a century (Wilson and MacCarty, 1909; Hauser, 1926; Konjetzny, 1938; Mallory, 1940) . The estimated proportion of " ulcer-cancer ", i.e. cancer which has developed from ulcer, varies considerably from one author to another. It has been noted that the reported rates range from 0 per cent to 100 per cent (Konjetzny, 1938) . The problem of ulcer-cancer has also been investigated vigorously in Japan for many years, probably due to the fact that both diseases are strikingly prevalent in the country. Today the problem seems to be one of the most important issues facing pathologists and cancer research workers in Japan.
The rate of ulcer-cancer has been estimated by various authors on the basis of pathological examinations, e.g. it was reported as 39 1 per cent among 301 gastric cancer cases (Kuru, 1953) , as 9*4 per cent among 1579 gastric cancers and as 24-9 per cent among 600 gastric ulcers (Muto, 1963) . Murakami (1958) , on the basis of his observed rate of ulcer-cancer of per cent, estimated that patients with ulcer of the stomach have a fivefold greater risk of developing cancer of the stomach than do the general populations.
In view of the prevailing strong belief in the existence of the causative relation between ulcer and cancer of the stomach in Japan, it was felt to be significant to investigate the problem from an epidemiologic standpoint. One possible epidemiological way to investigate the relation of the two diseases is to compare the geographical distributions of the incidence rates. The geographical variation of the incidence of ulcer and cancer of the stomach should follow a similar pattern if either of the following hypotheses is true:
(1) Cancer of the stomach in fact develops in many instances from ulcer of the stomach.
(2) The same or similar causative factors play a great role in the causation of the two ailments.
As for cancer of the stomach, its geographical variation as noted in standardized mortality ratios has been investigated by Segi (1965) . On the other hand, no studies have been done regarding the geographical distribution of ulcer of the stomach.
Japan consists of 46 administrative regions which are called " Ken " or prefectures. The Vital Statistics Report of Japan does not list the number of deaths from ulcer of the stomach with the detail necessary to compute standardized mortality rates by prefecture. At our request, the Bureau of Vital Statistics, Ministry of Health and Welfare in Japan kindly furnished the list of deaths from ulcer of the stomach by sex and by prefecture for the years of 1949-51 and 1959-61. This made it possible to standardize the mortality rates from ulcer of the stomach by prefecture and thus to determine its geographical distribution and its correlation with the distribution of cancer of the stomach.
METHODS
According to the Mortality Statistics based on the Vital Statistics Report in Japan and the data that were furnished by the Bureau of Vital Statistics, Ministry of Health and Welfare in Japan, standardized mortality ratios (SMRs) and standardized mortality rates were calculated for ulcer of the stomach and cancer of the stomach for each sex and each prefecture in the triennial periods of 1949-51 and 1959-61 (Tables I and II) . The calculation for cancer of the stomach was carried out in spite of the pre-existing report of Segi (1965) , because uniformity regarding the method of standardization and the study period involved was needed for comparison between the two diseases.
Since the age breakdown for the number of deaths was not given for each prefecture, age adjustment was conducted by the indirect method. The first step was the selection of a series of standard mortality rates by 5-year-age groups for each cause of death. This was calculated for each cause and for the period of 1949-51 in the whole country, dividing the number of deaths by 5-year-age groups for that period by the 1950 census population of the corresponding age group. Geographical correlations were investigated according to different combinations of geographical distributions. It was a matter of course to study the correlation between ulcer and cancer of the stomach, but the correlations between sexes, and between 1949-51 and 1959-61, were also investigated to estimate the constancy of the rates by prefecture and in order to see the geographical correlation in terms of sex and time.
RESULTS

Ulcer of the stomach
Standardized mortality rates and SMRs for ulcer of the stomach are shown in Table I for each prefecture and sex for the years 1949-51 and 1959-61. The SMRs are illustrated in Fig. 2 and 3 . The maps are drawn so that the higher the density of shading, the higher the SMR.
Among males in 1949-51, Kagoshima prefecture had the highest mortality rate, 40 7 per 100,000 population, followed by Tochigi (38.7), Yamaguchi (37.6), Oita On the whole, high rate areas were clustered in the Kyushu District, which is the southern-most island, and in the East-Kanto District, which is located in the central part of Japan facing the Pacific Ocean; Hokkaido, Shikoku District and Tokyo were low areas. The average annual rate for the whole country was 30*6 per 100,000 population.
For females, in the same years of 1949-51, Oita had the highest rate of 16.5 per 100,000, followed by Kumamoto (14-4) and Yamaguchi (14.4). Kochi had the lowest rate (9.0), followed by Fukui (9.2), Nara (9-3), and Wakayama (9.4).
The annual average rate for the whole country was 11-8 per 100,000 female population. As a whole, Kyushu District again showed high rates while WestShikoku District, Nara, and Wakayama prefectures had low rates.
The geographical distribution did not coincide exactly for the two sexes, but a similar pattern of the distribution is evident. The ratio for the country of male to female rates is 2*6 to 1, indicating that ulcer of the stomach prevails far more in males than in females.
As was the case in 1949-51, Kagoshima prefecture had the highest mortality rates for males in 1959-61, i.e. 19-5 per 100,000, followed by Tochigi (19.0) and Ibaraki (18-6). These rates were more than 40 per cent higher than the average of the country. Shimane (18.2) and Nagasaki (18.1) came next with rates of more than 30 per cent higher and Oita (17.0), Nara (17.0), Chiba (16.6), Shiga (16. 3) and Yamaguchi (16.0) had rates at least 20 per cent above the national average. Tokyo had the lowest rate of 9-5 per 100,000 population followed by Hokkaido (9.9), Kanagawa (10.0), Toyama (10.1) and Aichi (10.5). These prefectures had rates at least 20 per cent lower than the national average, which was 13-3.
It will be noted on the map that, in general, East-Kanto District and Kyushu District with adjacent Yamaguchi and Shimane prefectures had high rates while Tokyo and Kanagawa, Hokkaido, Chubu had low rates. In comparison of the distribution in 1949-51 with that in 1959-61, the distribution, in general, seems to remain unchanged, although a remarkable decrease in the rates took place over this period, namely, a 56-7 per cent decrease in the national average.
Among females in 1959-61, Shimane had the highest rate of 8-5 per 100,000, more than 40 per cent higher than the national average of 5*8, followed by Kumamoto (7.9) and Tochigi (7.8). Oita (7.5), Chiba (7.4), Yamanashi (7-4), Yamaguchi (7.3), Ibaraki (7.2) and Miyazaki (7.2) had rates more than 20 per cent higher than the national average. Cancer of the stomach As described before, Segi (1965) investigated the geographical distribution of the mortality from cancer of the stomach in Japan for the years of 1950-59. The results obtained by the present study, shown in Table II and Fig. 4 and 5, are quite similar to those of Segi although the standard population and the period of years studied are different, so that the results will be described here briefly.
Regardless of sex and the two time periods, almost the same pattern of geographical distribution will be seen in Fig. 4 and 5. Prefectures with high rates of cancer of the stomach are concentrated on the north-eastern part of Honshu along the coast of the Sea of Japan, including Yamagata, Niigata and Toyama, etc. Apart from the above prefectures, Nara, a prefecture of the Kinki District, had a high rate of cancer of the stomach.
Low-rate prefectures are concentrated in Kyushu District (Kagoshima, Kumamoto, Miyazaki, Oita and Nagasaki prefectures) and in Shikoku District (Tokushima and Kochi prefectures). Iwate (Tohoku District) and Shizuoka (Chubu District) prefectures are also favoured ones. It will be noticed in the four maps for the different sexes and different years that the geographical distribution is surprisingly constant for all.
Geographical correlation
Geographical correlations between the various combinations of diseases, sexes and different periods of years are presented as correlation coefficients in Table III .
There appears to be no geographical correlation between the mortality from ulcer of the stomach and that from cancer of the stomach as seen in Table IIIA   TABLE III 
)
Awcc.l I r and B. Correlation coefficients between the two diseases were calculated based on the distribution of the same sex and the same period of years resulting in four figures according to the four combinations. Also, correlation between ulcer of the stomach in 1949-51 and cancer of the stomach in 1959-61 was examined because a substantial number of years would be needed for the development from ulcer to cancer if such relation should exist. All of the six figures are close to zero, leading to the conclusion that the null hypothesis, namely, no geographical correlation between the mortality from ulcer of the stomach and cancer of the stomach cannot be rejected. Thus, this result does not support the claim that the two ailments have strong causative association. It is of interest to note that all six figures tend to have negative values. Table IIIC and D express the geographical correlation of mortality in terms of the passage of ten years. As to stomach cancer, the correlation coefficient is + 0932 for males and +0±925 for females, indicating very little change in the geographical distribution over ten years. As to stomach ulcer, the correlation coefficient is +0844 for males and +0595 for females showing high correlation, but not as high as for stomach cancer.
In Table III 
Conclusions
The conclusions regarding the geographical distributions of mortality from ulcer of the stomach and cancer of the stomach with their geographical associations may be summarized as follows:
1. No significant geographical correlation of mortality was found between ulcer of the stomach and cancer of the stomach. This result does not support the hypothesis of close causative relation between the two diseases.
2. There is a highly positive geographical correlation of cancer of the stomach between males vs. females and between 1949-51 vs. 1959-61. Ulcer of the stomach also shows high positive correlation between the sexes and between the two periods of years studied, but not as high as that for cancer of the stomach. The present study is based on mortality rather than incidence. In other words, basic figures for the calculation are the numbers of deaths and are not the numbers of new patients. Even though only mortality statistics are available at present, it is necessary to evaluate whether or not mortality statistics can be used for the study of geographical variation in place of incidence.
Mortality is a function of two variables, incidence and case fatality rates. In stomach cancer, the case fatality rate is more than 90 per cent, so that mortality is roughly equal to incidence. Stomach ulcer is, on the other hand, a much less fatal disease than stomach cancer and its mortality therefore is far less than its incidence. However, if the case fatality rate does not differ substantially throughout the country, the geographical distribution of mortality should show a similar distribution of incidence. Although there are no data on this matter, it is felt that this is probably the case in Japan.
The main complications which lead to the deaths of ulcer patients are perforation, obstruction and haemorrhage. Medical care may well be the most important factor for the treatment of these complications and consequently for the case fatality rate. Since the medical professions and facilities are well distributed in this rather small country, and since they are readily available under the national health insurance programme that covers every individual, the case fatality rate may not vary very much in the country. There are no important racial or ethnic differences in Japan.
One possible factor which might weaken the geographical relation between ulcer and cancer of the stomach is inter-prefectural migration. The migration rate in Japan is actually rather small. According to the Census Report in 1960, the inter-prefectural migration rate for a year is only 2-3 per cent, therefore migration is not likely to conceal a strong relation between the two diseases.
Accuracy of diagnosis on death certificates, or more precisely, the variability of the accuracy of the diagnosis in the country is another problem. Although no satisfactory data exist today as to the geographical variability of accuracy of the diagnosis, there are certain studies based on limited populations. Based on more than 70,000 autopsy cases in 46 university and large hospitals, Takeda and Kobayashi (1967) showed that the clinical diagnosis of stomach cancer was confirmed by autopsy 89* 1 per cent of the time; among all cases of stomach cancer noted on autopsy, the diagnosis was correctly made clinically 74-4 per cent of the time. Jablon et al. (1965) also reported the reliability of cause of death in Hiroshima and Nagasaki according to autopsy series. The clinical diagnosis of stomach cancer was confirmed by autopsy 87 per cent of the time, while the autopsy diagnosis of stomach cancer was correctly entered on the death certificates 69 per cent of the time. Of the remaining 31 per cent or 42 cases missed on the death certificates, only three were called ulcer of the stomach.
On the whole, the above-mentioned problems do not seem to be large enough to conceal completely any strong relation between ulcer and cancer in Japan if it indeed existed, nor to affect the correlation coefficients appreciably. Segi et al. (1959) reported on the geographical correlation of age adjusted death rates between ulcer of the stomach and cancer of the stomach in 22 countries in the world. His results show significant positive correlation coefficients between the two diseases with a value of +0604 for males and +0439 for females, but these values dropped to +0-484 for males and +0-292 for females (insignificant at 5 per cent level) after excluding Japan, since both rates are extraordinarily high in this country. Segi's results do not agree with the present investigation, and the reason for this is not clear. A part of the explanation is that the geo graphical distributions of both diseases in 22 countries are highly skewed so that a few countries like Japan greatly affect the correlation coefficient.
SUIMMARY
On the basis of the data furnished by the Vital Statistics Bureau of Japan, standardized mortality rates from ulcer of the stomach and cancer of the stomach were computed for each prefecture for the triennial years of 1949-51 and 1959-61. The geographical distributions of the computed mortality rates for each cause were examined. The two causes have entirely different distributions and no positive correlation exists between them in terms of mortality statistics. The significance of the finding in regard to the aetiological relation of ulcer to cancer of the stomach has been discussed. It may be remarked that the finding seems to contradict the hypothesis that in Japan many patients of stomach ulcer develop cancer of the stomach.
